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WHAT IS CLAIMED IS: 

1 . \strobe receiver circuitry, comprising: 

a) a counter, said counter updating a count in response to strobe 
\ edges of received strobe signals; and 

b) \ counter control logic, said counter control logic enabling said 

\ counter before each strobe signal is received by generating 
\ control signals asynchronously with respect to said received 
\ strobe signals; and said counter control logic resetting said 
\ counter after each strobe signal is received by receiving 
feedback from said counter and, in response to said feedback, 
resetting said counter asynchronously with respect to said 
received strobe signals. 



2. Strobe receiver circuitry as in claim 1 , wherein said control signal is a 
fixed width pulse. 



3. Strobe receiver^ircuitry as in claim 1, wherein said control signal 
comprises start and stop conditions. 



4. Strobe receiver ciroijitry as in claim 3, wherein said start and stop 
conditions are, respectively, falling and rising signal edges. 

5. Strobe receiver circuitry, comprising: 

a) a counter, said coijnter updating a count in response to strobe 
edges of received sArobe signals; and 

b) counter control logic\ said counter control logic enabling said 
counter before each sVobe signal is received by generating 
start conditions asynchronously with respect to said received 
strobe signals; and said Qpunter control logic resetting said 
counter after each strobe signal is received by i) receiving 
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fee^dback from said counter, ii) generating stop conditions, and 
iii) in response to said feedback and stop conditions, resetting 
said counter asynchronously with respect to said received 
strc be signals. 



Strobe receiver circuitry as in claim 5, wherein each received strobe 
signal consists of a multiple of P strobe edges (P>2), and wherein: 

a) saki counter is a rollover counter counting to P; and 

b) saic counter control logic generates said stop conditions during 
rec( ipt of a last P strobe edges of each strobe signal. 



n 

recol 



b) 



Strobe rec( iver circuitry as in claim 6, wherein: 

a) said Icounter control logic expects said counter to receive each 
strobe signal at a time falling between an early receipt case 
and a\late receipt case; and 

said counter control logic generates said stop condition at a 
time falling between when said counter control logic expects 
said counter to receive: 

i) a first of a last P strobe edges of said late receipt case; 
abd 

ii) a last strobe edge of said early receipt case. 



8. Strobe receiver Gircuitry as in claim 6, wherein: 

a) said counter control logic expects said counter to receive each 
strobe signal at a time falling between an early receipt case 
and a late receipt case; and 

b) said counter control logic generates said stop condition at a 
time falling between: 

i) when said counter control logic expects said counter to 
receivQ a first of a last P strobe edges of said late receipt 
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ase; and 



ii) 



n end of a postamble following said early receipt case. 



9. Strobe receiver 



conditions are 



generated on a single signal line. 



Strobe receiver 
a) said cou 



circuitry as in clainn 5, wherein said start and stop 



b) 



circuitry as in clainn 5, wherein: 
iter is a rollover counter comprising first and second 
state elements which are respectively and alternately clocked 
by rising ^nd falling edges of received strobe signals; and 
said counier control logic comprises first and second logic 



gates, 
i) 



ii) 



rfirst logic gate enabling and resetting said first state 
elenient in response to feedback from said first state 
elerrpnt, said start condition, and said stop condition; 
and 

said decond logic gate enabling and resetting said 
seconp state element in response to feedback from said 
first arid second state elements. 



11, 



Strobe receiver circu 



i) 
ii) 
iii) 

iv) 



said first state 
SA and SA'; 
said second s 
outputs SB an 



itry as in claim 10, wherein: 

element is a toggle flip-flop producing outputs 



ate element is a toggle flip-flop producing 
cl SB'; 

said first state element receives a reset input representing a 
logical AND of SA' and a single signal line on which said start 
and stop conditions are generated; and 

said second state element receives a reset input representing a 
logical AND of SA* and SB'. 
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1 2. Memory controller receiver circuitry, comprising: 

a) a data pad and a strobe pad; 

b) P storage elements coupled to receive data from said data pad 
(P^2),\said P storage elements being controlled by respective 
valuesW a count; 

c) a counter, said counter updating said count in response to 
strobe edges of received strobe signals; and 

d) counter control logic, said counter control logic enabling said 
counter before each strobe signal is received by generating 
control signals asynchronously with respect to said received 
strobe signals; and said counter control logic resetting said 
counter after each strobe signal is received by receiving 
feedback from said counter and, in response to said feedback, 
resetting sard counter asynchronously with respect to said 
received strobe signals. 

13. Memory controller receiver circuitry as in claim 12, wherein said 
control signal is a fixed width pulse. 

14. Memory controller receiver circuitry as in claim 12, wherein said 
control signal comprises start and stop conditions. 

15. Memory controller receixfer circuitry as in claim 14, wherein said start 
and stop conditions are, Respectively, falling and rising signal edges. 

1 6. Memory controller receiver circuitry, comprising: 

a) a data pad and a strobe pad; 

b) P storage elements doupled to receive data from said data pad 
(P^2), said P storage Elements being controlled by respective 
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values of a count; 
\ 

c) a dounter, said counter updating said count in response to 
strobe edges of strobe signals received at said strobe pad; and 

d) counter control logic, said counter control logic enabling said 
counter before each strobe signal is received by generating 
start conditions asynchronously with respect to said received 
stroDe signals; and said counter control logic resetting said 
counter after each strobe signal Is received by i) receiving 
feedback from said counter, ii) generating stop conditions, and 
iii) inl response to said feedback and stop conditions, resetting 
said counter asynchronously with respect to said received 
strobe signals. 



17. Mennory contibller receiver circuitry as in claim 16, wherein said 
counter control logic generates said stop condition at a time which is 
defined by whether a next read cycle will be: 

a) a double data rate burst of four read cycle; or 

b) a doubleldata rate burst of eight read cycle. 

18. Memory controller receiver circuitry as in claim 16, wherein said 
counter control lobic generates said stop condition at a time which is 
defined by whether a next read cycle will be: 

a) a 1x mode Double data rate read cycle; or 

b) an Mx mode double data rate read cycle (M^2). 

1 9. Memory controller Receiver circuitry as in claim 1 6, wherein each 
received strobe s\gm\ consists of a multiple of P strobe edges, and 
wherein: 1 

a) said counter iB a rollover counter counting to P; and 

b) said counter cbntrol logic generates said stop condition during 
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\ 

receipt of a last P strobe edges of each strobe signal. 

20. Memory cbntroller receiver circuitry as in claim 19, wherein: 

a) said counter control logic expects said counter to receive each 
strofee signal at a time falling between an early receipt case 
and a late receipt case; and 

b) said counter control logic generates said stop condition at a 
time faNing between when said counter control logic expects 
said coiViter to receive: 

i) a first of a last P strobe edges of said late receipt case; 
ana 

ii) a lasi strobe edge of said early receipt case. 

21 . Memory controller receiver circuitry as in claim 1 9, wherein: 

a) said counter control logic expects said counter to receive each 
strobe signal aia time falling between an early receipt case 
and a late receiot case; and 

b) said counter conw^ol logic generates said stop condition at a 
time falling betwefl^n: 

i) when said counter control logic expects said counter to 
receive a first of a last P strobe edges of said late receipt 
case; and \ 

ii) an end of a postamble following said early receipt case. 

22. Memory controller receiver circuitry as in claim 16, wherein said start 
and stop conditions are generated on a single signal line. 

as in claim 16, wherein: 
nter comprising first and second 
oectively and alternately clocked 
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23. Memory controller receiver circuit 
a) said counter is a rollover cc 
state elements which are res 
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by risiVig and falling edges of strobe signals received at said 
strobe pad; and 

b) said counter control logic comprises first and second logic 
gates, 

i) 4^id first logic gate enabling and resetting said first state 
Jement in response to feedback from said first state 
element, said start condition, and said stop condition; 
ar\d 

i) said second logic gate enabling and resetting said 

second state element in response to feedback from said 
first and second state elements. 



24. Memory controlle|' receiver circuitry as in claim 23, wherein said 

rollover counter comprises P AND gates, each of which receives a 
different combination of outputs from said first and second state 
elements, and earn of which produces one bit of a P bit, one-high 
count, the bits of wpich respectively control ones of said P storage 
elements. 



25. Memory controller receiver circuitry as in claim 23, wherein: 

i) said first state[ element is a toggle flip-flop producing outputs 
SA and SA'; 

ii) said second stfete element is a toggle flip-flop producing 
outputs SB and SB'; 

iii) said first state element receives a reset input representing a 
logical AND of SA' and a single signal line on which said start 
and stop conditi9ns are generated; and 

iv) said second statb element receives a reset input representing a 
logical AND of SA' and SB'. 
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Memory controller receiver circuitry as in clainn 25, wherein said 
rollover counter comprises P AND gates which: 

i) \respectively receive flip-flop outputs SA' and SB', SA and SB', 
>A and SB, and SA' and SB; and 

ii) respectively produce one bit each of a P bit, one-high count, 
the bits of which respectively control ones of said P storage 
elements. 



cor 



27. Memory controller receiver circuitry as in claim 16, wherein P=4. 



28. A double data rate memory controller with tolerance for large variation 
in read loop delay, comprising: 

a) data receiving means; 

b) counting means for receiving and counting a number of strobe 
edges received during a memory read cycle; 

c) means for controlling said data receiving means in response to 
a count produ&ed by said counting means; and 

d) means for enaQling said counting means before each memory 
read cycle and resetting said counting means after each 
memory read cyoie by i) enabling said counting means 
asynchronously with respect to said number of strobe edges, 
and ii) resetting saia counting means asynchronously with 
respect to said nummer of strobe edges. 



29. A method of receiving strobe\signals into a memory controller, 
comprising: 

a) enabling a strobe edge Counter asynchronously with respect to 
said strobe signals, beforfe each strobe signal is received, and 
in response to a start conqtion; and 

b) resetting said strobe edge dpunter asynchronously with respect 
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toWid strobe signals, after each strobe signal is received, and 
in response to a combination of counter feedback and a stop 
condition. 



30. A method as in claim 29, wherein each received strobe signal consists 
of a multiple pf P strobe edges (P^2), and wherein said counter is a 
rollover counter counting to P, the method further comprising: 

generafing said stop condition during receipt of a last P strobe 
5 edges of each )^trobe signal. 

K 

31 . A method as in claim 30, wherein said counter receives each strobe 
signal at a time fa|ling between an early receipt case and a late 
receipt case, the rraethod further comprising: 

generating sBid stop condition at a time falling between when 
5 said counter is expefcted to receive: 

i) a first qjf a last P strobe edges of said late receipt case; 
and 

ii) a last strbbe edge of said early receipt case 

10 32. A method as in claim 3Q, wherein said counter receives each strobe 
signal at a time falling between an early receipt case and a late 
receipt case, the method further comprising: 

generating said stop condition at a time falling between: 

i) when said counter is expected to receive a first of a last 
15 P strobe edges of said late receipt case; and 

ii) an end of a postamble following said early receipt case. 

33. A method of receiving data int^ a memory controller, comprising, 
during a memory read cycle: 

a) enabling a counter asyndjnronously with respect to a strobe 
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signal, before the strobe signal is received at a strobe pad, and 
in response to a start condition; 

b) storing respective data bits received at a data pad in P storage 
elernents (P>2), in response to a count produced by said 
coilnter; and 

c) resetting said counter asynchronously with respect to said 
strotie signal, after the strobe signal is received, and in 
respoVise to a combination of counter feedback and a stop 
condition. 

34. A method as in claim 33, further comprising resetting said counter at 
different times, ^depending on whether a memory read cycle is: 

a) a double idata rate burst of four read cycle; or 

b) a double data rate burst of eight read cycle. 



35. A method as in claim 33, further comprising resetting said counter at 
different times, depending on whether a memory read cycle is: 

a) a 1x mode doijble data rate read cycle; or 

b) a 2x mode double data rate read cycle. 



36. A computer system, comprising: 

a) a CPU; \ 

b) a memory controller coupled to said CPU; 

c) an I/O controller c^^pled to said CPU; 

d) a number of I/O devices coupled to said I/O controller; and 

e) a number of memory\modules coupled to said memory 
controller; 

wherein said memory cbntroller comprises a plurality of data 
and strobe pads to which are coupled receiver circuitry for receiving 
data and strobe signals from saiq memory modules; and 
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\ wherein said receiver circuitry comprises, for corresponding 
data ar^d strobe pads: 

iX P storage elements coupled to receive data from said 
\ data pad (P^2), said P storage elements being 
\ controlled by respective values of a count; 

ii) \ a counter, said counter updating said count in response 
\ to strobe edges of strobe signals received at said strobe 

\ pad; and 

iii) \counter control logic, said counter control logic enabling 

said counter before each strobe signal is received by 
generating start conditions asynchronously with respect 
to\said received strobe signals; and said counter control 
logic resetting said counter after each strobe signal is 
received by i) receiving feedback from said counter, ii) 
generating stop conditions, and iiij in response to said 
feedpack and stop conditions, resetting said counter 
asyncmronously with respect to said received strobe 
^ signals\ 

37. A computer system as\in claim 36, wherein each of said P storage 
elements is a latch. \ 

38. A computer system as in\claim 36, wherein said count is a P-bit, one- 
high count, the bits of whibh respectively control ones of said P 
storage elements. \ 

39. A computer system as in claVn 36, wherein said memory controller 
and said I/O controller form ara integrated memory and I/O controller. 

40. A computer system as in claim 36, wherein said start and stop 
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conditions are generated on a single signal line. 



41 . A computer system as in claim 36, wherein: 

a) sa\d counter is a rollover counter comprising first and second 
state elements which are respectively and alternately clocked 
by rising and falling edges of strobe signals received at said 
strobfe pad; and 

b) said CQjunter control logic comprises first and second logic 
gates, 



i) 



\ 



ii) 



said first logic gate enabling and resetting said first state 
element in response to feedback from said first state 
element, said start condition, and said stop condition; 
and^ 

said ^cond logic gate enabling and resetting said 
second state element in response to feedback from said 
first ana second state elements. 



42. A computer system as h claim 41 , wherein said rollover counter 
comprises P AND gatesAeach of which receives a different 
combination of outputs froim said first and second state elements, and 
each of which produces one bit of a P bit. one-high count, the bits of 
which respectively control ones of said P storage elements. 
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